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INTRODUCT1ON

It has frequently been observed by experienced divers that pre-
dicticns of the quantity of gas consumed on demand-type scuba in cold
water 1s substantially lower than the amount actually used. The U.S,
Navy Diving Gas Manual contalins information for predicting gas con-
sumption over a range of diver workloads and depths, but includes no
consideration of the effect of cold water on gas consumption.

it M-S T RRTTI . ORI, S Y

It is apparent that the ability to predict the amount of gas
required for a particular mission wculd be desirable in many MNaval
diving operations and that, at times, it could be the critical factor
in mission success and diver safety.

The experiments described in this report resulted from a request
by the Naval Amphibious Forces to establish a test program to determine
the relationships between water temperature, exercise level, dive dura-
ticn, and gas consumpticn sc that future predicticns relative to diver
gas consumption can be made more accurately.

ORI T W R AT NPT, E00 e

While a considerable amount of data have been published on oxygen
consumption at varlous workloads and water temperatures, no account

ot P

- could be found of specific gas consumption mecasurements in the range of :

l : interest, :
1 5 The basic objective of the program was to obtain data uscful in the !
§: prediction of vhe gas consumption rates of SEAL/UDT divers under condi- %

é tions as close as possible to actual conditions of operation. Major 1

3 constraints were the requirements for providing contrelled water .(empera- :
[ tures, and obtalning gas consumption and physiclogical data under imposed .
repeatable workloads. These constraints made it impractical to closely

simulate actual missions, particularly as might relate to the psychologi-

cal aspects of the experiment.

Initially it was intendec¢ to include derth as a variable and to
perform the simulations in a hyperbaric facility. During the course of
experiment design, this factor was eliminated from the current series
to obtain a better statistical separation of the variables of greatest
interest; i.e., water temperature, workload, and dive duration,

e v A YRR £ i e 4 et S
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TEST OBJLCTIVES

The objectives ot the exveriment weres (1) to determine the pas
consumpt fon rates for divers breathing alr from an open clrcuft demand
tyvpe of breathing apparatus for specific constraints or workload, water
temperdtuce, and duration of exposure, and (2) to incorporate the infor-
mation obtained into a format optimized for use in operational planning.

METHODS AND MATERLALS

EXPERI'INT DESIGN

An Experiment Design Conference was conducted at NCSL on ©-10
October 1973 to discuss, plan, and design the test program. Dr, Paul
Vebb of Webb Associates, who has done a great deal of work in the fields
of exercise and thermal phvsiologv, was retained on contract to perform
a deslgn studv and participate in the desiyn conterence. Also partici-
pating were Mr. W. T. Jenkins, Mr. Edward Sharp, the authors from NZSL,
and the Tas% Sponsor, LCDR Clancv Hatleberp, COMPHIBAC. Discussions
covered a wide range of operatiunal, phvsiological, and satety considera-
tions. Tables 1 and 2 present a summary of the test conditions aud
program.

Prior to ceommencing the tests, it was considered necessary to obtain
certain anatomic and physiological values. Aunthropomorphic values were
deemed useful, because knowledge of the lean-fat ratio of each diver
would aid in performance prediction, and would be useful in final data
interpretation. TPhysiological values obtained for baseline recording
included complete physical axaminations. ECG's, extensive pulmonary
function studlies, and a total of 19 separate determinations of blood
morphology and blood chemistries.

In order to measure the effect of variations between divers, volun-
teers were graded according to their normal gas consumptions over the
range of workloads and paired for the exveriment. For example, diver A
who uszed the most gas under normal conditions was paired with diver ¥ who
used the least. This pair was then exposed to identical test conditions.
In a similar manner, pairs B and E, and C and D were identified (see
Table 2),

The paired divers (three pairs) were combined with water tempera-
ture (AOOF, GOOF, and BO°F) and exercise (rest, light, and moderate) to
comprise the controlled paramcters of the test. A balanced statistical
test of divers/temperature/exercise parameters required 27 separate

(Text Centinued on Page 35)
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TABLL 2

TEST SCHEDULL .
Dive Divers { Workload VWater Tempeoratur __(OF!
1 B &E Moderate (12 1b) 60
2 A& T Liyht (9 1b) 60
3 C&D Rest 60
—— e p e _ —_— e
4 A&Vr Rest 40
N e e e, -
L 5 B & Light (9 1b) 40
6 J C&D Moderate (12 1b) 40
. - R — - -~ -
{ 7 B &E 4 Rest 80
e B R — S SR, N——
3 C&D | Licht (9 (n) 80
e —t e PR, ————— ]
9 AGT l Moderate (12 1b) 80

Hoirly Exercise Schedule, Repeat Each Hour

Time
0
10

30

50

(Min)

Activity
Both resting

Diver #1 start exstvcice

Diver

#1 stop exercise
ne.__ . dn . . - B 2
LIVel 1o HSlall Carielse

Diver #2 stop exercise

Both rest
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combinations. This, along with the 6-hour curation of each combination,
represented an unfeasible test period due to fund and time restraints.
. The test was therefore designed around the three water temperatures and
three exercise levels with diver pairs randcmly selected; each pair would 3
be subjected once to each water temperature and to each exercise. The
test design used is depicted in Table 2. Variations due to divers couvld
not separately be statistically analyzed, and would therefnre be combined
with test variation (stundard errer of estimate). .The analysis of gas
) consumption data (V) used a regression model when V equals predicted gas
\ cousumption.
§ =5 + 8. T+ 8 T2 + 8.t 4 B t2 + B f3 + 8_W
"o T F1 2 3 4 Ch 571 ;
+ RV, + B
EgW, + b6Dl + B7D2 + ... BlOD5 + BllTwl
+ BlzTWZ + 813TD1 t+ ... pl71D2 + BlBRT 3
+ ... :
+ BlgRtl 823Rt5 P
Where T = water temperature (F) %7
. t = time {(minutes) -
i
W = work level P
D = divers ’
L RT = rectal temperatura
[

i = regression coefficients -, 1 =0, 1, 2, ..., 23,

This regression model includes the above controlled parameters along
with physiological parameters monitored during the testing period along

PP rem s wam Tam embecemd A Mmoo T e e e dea a e 38 3 1T _a_
time uf_hnll\ Surc. The ylnyaiv;u&;\_a.L paraneters arc GiSCussed 1ater.

A b S e A M o i % A1 S g a8

DIVER SAFETY

Considering the physical hazards imposed by these tests, it was :
deemed imperative that all important physioclogical parameters be :
closely monitored by a diving medical o' ficer with experience in cold
water diving. Accordingly, each 40°F and 60°F dive was continuously
attended by a senior diving medical officer., Deep rectal temperatures
were displayed and recorded every 45 seconds as a visual and pen-
recorded event. In additioun, a 2-lead electrocardiogram was constantly
recorded, and the respiratory volume pattern was contiuuously presented

(%4




for examinatior. by the medical officer. Appropriate abort paramcters
ware established prior to the test.

Because of the cumulative hazards inherent in these tests, con-
siderable emphasis was placed on thc safety aspects of the test proce-
dures. As previously stated, conditions of the test were clearly
outlined to the volunteer divers, and it was emphasized that any dive
could be terminated when the diver felt that his physical condition
dictated such an abort, or when the diving medical officer judged it
necessary. The physiologicel monitoring system provided a continuous
display of such vital signs as core temperature, electrocardiogrem,
heart rate, and respiratory pattern. In addition, the diver was under
constant visual surveillance, and was frequentlv interrogated via under-
water communications. Finally, a safety man was stationed at the top of
the diving tank, and the diver was tethered with a safetv retrieval lina,
Thus, it was believed that all necessary precautions were taken to
assure the safety of the divers in the tests.

The following ground rules were adopted:

1. A physical exsmination would be performed on each diver prior
to each dive.

2, Continuous monitoring and
P

. 11 L ol i £ e
would be veguired for monltering

3. A diving gedical ogficer would be present at all times duriang
the cold water (40°F and A0 F) dives.

4, Criteria for diver abort would include:
a. Diver wishes to terminate.
b. Diving medical officer decision.
¢. Rectal temperatures of 95°F or below.
d. Heart rates of 160 beats per minute or above.

5. A safety tender would monitor diver activities in the test tank
at all times,

6. Rewarm techniques would be required as directed by the diving
medical officer and would be accomplished as follows:

a. Diver will exit water, vremove mask, swim fins, hookah
harness, and be assisted to the rewarm area retaining the physiological
instrumentation, This shall be doue as quickly as possible,

PO i TR
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b. A hosc with flowing hot water (rot to exceed IIOOF) shall
be inserted within the wet suilt at the neck opening to flcwd the suit
i with hot water. Gloves and boots will be removed and a pan of warm
; water provided for the feet,

¢. Hot drinmks will be provided for the divers in whatever
quantity they desire. Alcohol consumption by the rewarming divers will
not be permitted.

c. Rectal temperature will be monitored and when the diving
medical officer decides 1t has returned to an acceptable value, the
rewarm will be tarwminated.

{
TEST FACILITY

The tests were conducted at the NCSL Hydrospace Laboratory in a
test tank fabricated of 3-inch redwood. The tank measures 12 feet
long, 8 feet wide, and 8 feet deep and is equipped with a chiller,
heater, and a swimming pool filter system. Two meral chairs were pro-
vided for the diver's use during the rest portions of the protocol
and the ergometer was adjusted so that the divers ~hest was at approxi-
mately the same depth (52 inches), whether swimming or sitting, to !
avoid different depth corrections when processing the gas comsumpticn :
data. :

DIVER SELECTION AND PREPARATION

Six divers from the NCSL diving lecker were selected to partici- :

pate in the program. Five of the subjects were qualified SEAL or UDT ;
divers and one a first class diver. !

The divers were neasured and custom fitted for special wet suits.
These suits, whirh are the type worn durilng actual micsions, are fabri-
cated without zippers from foam neoprene and consist of: 1/4-inch
thick Farmer John pants; 1l/8-inch vest with hood; 1/4-inch jacket with
hood; 1/4-inch soft soled boots; and 3-fingered mittens, 3/8 inch with
1/4 inch over palm. Each diver wore the face mask and swim fins he nor-
mally used.

Prior to the tests, anthropometric measurements including skin
1 fold were made on each diver. These measurements were used to estimate
i percentage body fat which is presented in Table 3. In additiom, pul-
F monary function and certaln blood tests were performed.

(Text Continued on Page 9)
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Each diver was exposed to the three workloads for a short training
dive with the water temperature at approximatelv 75°F to establish his
normal gas ccunsunption, Resplratory minute volumes were obtained for
10 minutes at each exercise level and the values, recorded after equi-
librium was reached, were averaged. The results are presented in
Table 3. 1t is interesting to note that the divers had the same ranking
for both light and mederate exercise, The reat values were all very
close together., Fach diver was asked to comment on how well his rela-
tive rank matched his own experience as to the gas he normally consumed
compared to that used by others: they apreed with the ranking order.

The divers were urged tu gonsume aohearty breakfast containing a
maximum of fat prior to the 40°F and 60 F dives. Special arrangements

were made to facilitate this at the EM mess. The divers were also urged
to obtain adequate rest on the preceding night.

EQUIPMENT

Gas Supply and Measurement Svstem (Figure 1)

Compressed air was supplied to reservoirs 1 and 2 which were alter-
nately used tc supply breathing air and recharged. The water volumes of
these vessels were accuratelv measured and the amount of gas used during
a particular neriod calculated by noting the times and the pressures
when the reseivoir was connected and disconnected. This measurcment
serves as a check on the primary gas consumption measurement system.

The supply from the reservoir selected is connected to a large
dome regulator which is controlled by a dome-loading regulator operated
from a nitrogen pressure source. A high capacity regulator (369 cfm) in
conjunction with a 180-cubic foot nitrogen cylinder were found to be
necessary to maintain the manifold pressure constant to within + 1 psi
at 125 psi during the high flow rates encountered at the beginmning of
inspiration through the demand regulator. A gas temperature probe is
located in the manifold before it bifurcates to suppiy the laminar flow
elements (LFE) for the measuremeni of each diver's gas flow. The differ-
entlal pressure across each LFE is measured by + 0.1 psid variable reluc-
tance pressure transducer, and is used as the uncorrected flow (V)
signal for each diver. Gas to each diver passes through the LFE, through
a checkvalve fto isolate each system, and through a 40-foot coil of copper
tubing immersed in the test tank to ensure that the gas 1s at water
temperature. 4 12-foot hose supplies this ges to the diver's hookah

harness which is equipped with a second stage Conshelf 12 regulator and
hose,

{Text Continued on Page 11)
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Physiological Measurements (Figures 2, 3, 4).

In addition to the inspired flow measurements discussed above,
from which respiratory minute velumes were obtained, an electrocardio-
gram and rectal temperature were required for safetv monitoring and
data. A respiratorv waveform was obtained bv impedance pneumograpvhyv,
These measurements were accomplished using NASA APOLLO and GEMINI sig-
nal coaditioners. The signal conditioners were asserbled in a small
aluminum box, with the umbilical cable, bio-sensor tarness, and rectal
probe attached, and potted with silicone rubber to prevent the entry
of water, In use, the electrodes were attached to the diver, the
rectal probe was inserted 10 cm bevond the anal verge, and the box and
coiled umbilical cable were pulled through a slit in the wet suit jacket
during the doaning procedure. When the diver comnleted dressing, the
slit was clesed with nylon thread and glue, and the signal conditioner
box was secured to the chest with elastic bandapges. After the diver
donned th. hookah harness, the umbilical was taped to the air supply
hose and connected to the biecmedical junction box above the test tank,
Electroshock safety was provided by matched 1U0OK ohm resistors in series
with the two ECG electrodes and the ground electrode. These resistors
were mounted in the sensor harness. The + 10 vdc power supplv for the
signal cenditioners and the strip chart recorder for phvsiological data
display were connected to the ac line through a 0.75-milliampere ground
fault interrupter. Power to all other test instrumentation was supplied
through 5-milliampere ground fault interrupters.

Exercise Ergometer

An ergomever was desipgned and fabricated which allowed the divert@i-
swim naturally ogainst a constant force to sluulate, as closely as pos-.
sible, the woik required to swim against a 0.5« and 1.0-knot current.
Since the diver was unable to use the planing forces derived from his
motion through the water to maintain his attitude, a force table ergom~
eter was designed (Fipure 5). The diver lies cn the sled with his
shoulders in the curved restraints and swims against the force of the
weight selected. The diver must be nepatively buoyant and equipped
with 1.5~ to Z-pound ankle weights to counteract the buoyancy of the
wet suit pants. Workloaas simulating 0.5- and 1.0-knot swims were
selected for the light and moderate exercises, and weights providing
forces of 9 and 3 pounds were fabricated. For light exercise, the 9-
pound weight alone was used; for moderate exercise, both were used.

The stainless steel cable supporting the weights was painted red 2 inches
from each end and green for 14 inches in the center. The cable passes
out of the pulley within easy view of the diver who was instructed to
keep the green portion of the cable at the pullev. This ensured that

the sled was not against either stop and that the correct load was being
applied. The diver could allow the sled to move back and forth 14

inches and still be in the green. Comments from the divers and other
divers evaluating the ergometer indicated that the exercise seemed to be
quite similar to swimming against currents of 0.5- and 1.0-knot.

(Text Continued on Page 16)
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FIGURE 4.
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FIGURE 5. DIVER'S ERCOMETER




Data Recording and Display Svstum

Test data were recorded on a ld-channe]l magnetic tape recorder
tor subscauent analvsis. Disolavs {ncluded 4 e=chaunel strip chart
tecorder for ECG, regplratory wavetorm, and respiratory flow (V) from
tach diver,  The rectal temperatures were displaved on digital meters.
For "quick look" gas consumption data, the V osignals from the two divers
were processed by orespiratory intepratevs which reset evervy minute
vielding a respivdtory minute volume ecach minute. The inteprator
vutputs were displaved dana recorded on a 2-channel strip chart recorder.
Reservoir pressures and wanifold pressure readings were obtained from
the paupes and recorded in the log every 15 minutes. Manitoid gas
temperature, and the top and bouttom waler tenmperatures were measured
by thermocouples and logged fo a like manner,

Calibration

The individual pressure pauges and transducers were calibrated
against lLaboratory standards as were the temperature measuring probes.
Prior to and after cach dive, each data channel was shorted and then
stimulated with a calibration voltage signal. A svstem calibration of
the pas flew (V) channcels was accomplished by attaching a scuba repu-
lator equipped with a 1-liter svrinwe to each diver's pas supply hose
and withdrawing ten l-liter volumes. Considerable problems were experi-
enced until it was determined that the exhaust valve on tle regulator
was leaking air. When the check valve was secured with tape and a
Coluins vespirateory wvalve inserted to vent the exonired pas, the con-
sistency of the data was markedly improved but care was still necessary
to avoid vperating the syringe plunper too rapidly. The V pressure
transducer vutputs resvlting from the above procedure were used to cali-
brate the respiratory inteprators and as a V callbration signal on the
recorded V data.

DATA REDUCTION AND ANALYSLS

During each dive, the signals from the differential pressure trans-
ducers across each diver's laminar flow element (LFE) were recorded on
magnetic tapre. The signals from the heart rate computers, which were
driven by the ECG signals, were also recorded together with the outputs
from the rectal temperature measuring svstems. From the nine dives,
cpproximatelv 54 hours of data were recorded. The three quantities of
of interest; i.e¢., respiratory flow (V), heart rate (HR), and rectal
temperaturc (TR), were derived 1rom the raw data as follows:

1. The analop data tapes were dipitized with the V being samoled
16 times per second, and the Tp and HR at 4 times per second. The V
was sampled more frequently to permit good resolution of the respiva-
tory waveform.




2. The digitized differcntial pressuares corresponding to V were
converted to flow by use of the LYE calibration curves and then cor- |
vected for LFE inlet temperature and pressuve. This process produces V
in standard cubic feet per minute. The diver, however, was at a depth
of 52 inches and cousuming gas at the temperature of the water, so
that his actual respiratory flow differs from the flow in scfm. Because
the ypas counsumptlon data from this experiment are intended for use during
operational dives, the flow data were furthe:r manipulated to convert to
the actual {low to the diver as {{ he were at standard conditions; 1i.e.,
70°F and 29.92 inches of nercury.

3. The corraected V data were integrated for 60 scconds and divided
by the number of samples per minute (60 by 16) to obtain minute volumes
for vach diver. These data are plotted versus time in Appendix A.

4. The minute volumes were averaged over the exercise and rest por-
tions of each hour so that exercise and rest gas consumpiion rates for
each hour were obtained for each diver. One rate per hour was obtained !
for the three rest dives. The quautities thus obtained are the basis
for the statistical manipulations described in the section on RESULTS.

5. The Ty and HR siynals were processed by the application of the
calibration data and plotted versus tiwme. Averages were derived over !
the same rest and exercise periods as for the V data to yield hourly
quantities for entry into the statistical program.

é

TEST DIVES i
L
GENERAL ! ]
|
t
The dives were started on 5 April 1974 and continued each work day ‘ %
until 17 April 1974, The daily schedule is presented below. f :
Daily Schedule i ;
0800 System checkout - start 1500 Divers exit water; ; ;
start rewarming F
0815 Divers arrive for medical procedure ; 1
check i ’:
1515 Initiate post-test ‘ 1
0830 Divers instrumentatioun and calibrations; remove
dressing - start sensor harnesses;
clean electrodes and :
0830 Tape recorder calibration probes ready for next § ‘
dive : ;
0900 Test starts; divers enter i
water 1520 Secure system. ‘
!
17
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The time cach diver completed 1u cach test {5 illustiated in
Figure o.

DIVE ]

N . . vy ot . . . Uy
Conditions: Divers B and L in vt suits, 0U7F wiater
temperdatare, maderace vxercise

During the tirst 10 minutes, the divers surtaced to obtain addi-
tional werphts and Diver E owas provaded with ankle weiphls to counteract
the buovanevy ot the wet suit pants.  Diver B reauested additiovral
weishts atter hiis tivst exercise period.  During the fourth exercise
period, Diver B osurtaced to commeat that wvater was enterine his suit
through the slit made tu diiow the passaxe of the phvaiological instru-
mentation box. Additional elastic baondapes were applicd and nyilon
thread was used to sercure the slit on subsequent dives, No shivering
war reported by the divers during the dive, Rewarm was performed on
both divers.

T.is dive was the tirst time that the custom—-fitted SDV wet suits

woere used and the oxtremely tisht 1it across the chest area coupled

notion artifact 1uto the LLG sianal ana produned periods of extremely
noisy LELG data. The heart rate processors wvere frequently unable to
obtain a valid heart rate detoermination. During che dive, the ECG's
from the divers were displaved on a variable pevsistance oscilloscope
and the cumplexes visualiy counted.  In this way, & heart rate could
usually be obtained trom the neisy LCG and noted in the test leg every
15 to 30 minutes, Where the meginctic tape Jata were found to be un-
usable, the heart rate Jesermivations from the test lop were used.

N ‘ . - - - ~agy e . O R
Conditions: Divers A& and b oin SOV wet suits, 60 watey
tenperature, lront exorcise

Ne shivering was veporced.  The use of nyvlon thread and neoprene
glue to close the slit in rthe wet suit worked savisfacteorily. Rewarm
wis perionved ou bech: dlvers.

Dorut-shuped pleces of viny! foan were placed over the ECG elec-
trodes in an attempt o veduce the artitact in the ECG signals. These
helped to some extent and were used ou subseguent dives; however, no

adegunte method of fastening them to the diver's chest was achieved,

During some of the dives, suit {lexing due to excrcise would cause the
foam pad surrounding the top sternal electrode to migrate so that its
edge contacted the electrode. When thas happened, the artifact became

(lText Continued on Page 20)
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so extreme that heart rate was otlen imvossible to determine during
exervise. It is believed that this problesm can be easily resolved,
but the daily dive schedule did not allow the time to exnlore possible
solutions,

DIVE 3

o . . R . o]
Conditions: Divers C and D in SDV wet suits, 60°F water
temperavure, rest

After 120 minutes, divers admit tc¢ some shivering and write, “It's
cold," on messape board. At 240 minutes, Diver € was not shivering and
Diver D indi:ated that he was shivering slightly. During the fifth hour,
it was found that Lhe tape recorder was not operating and about 30
minutes of data were lost, Rewarm was performed on both divers and no
drop in reeral temperature occurred during revarm.

DIVE 4

Conditions: Digers A and ¥ in SDV wet suits,
407Y water temperature, rest

Atter 45 minutes, it was discovered that Diver A was wearing a
32/1e=-inch wet suit vest in addition to the standard wet suit., He was
brought to the surface and the vest removed. At 53 minutes, Diver A
reported he was shiverving slightly. At 75 minutes, both divers were
shivering. After 221 minutes, Diver F voluntarily terminated, commenting
that he had lost all sensation in his legs from the knees down. Upon
revarm, his feet became blue-purple and he complained of intense itching.
At 260 minutes, Diver A reported normal sensation in all extremities.
Diver A completed the 360 minutes and an uneventful rewarm,

DIVE 5
o
Conditions: Divers B and E in SDV wet suits, 40 F
water temperature, light exercise

£fter 73 minutes, Diver F surfaced to complain of a severe head-
ache. He was rcassured by the medical officer and descended to continue
the dive. At 175 minutes, Diver B surfaced to complain of having cold
feet. Diver B again surfaced at 182 minutes to complain that his feet
hurt due to the excessive tightness of his swim fins. Another set of
fins was obtaiued and donnecd. At 225 minutes, Diver B voluntarilv ter-
minated due to extremely cold feet and started the rewarm, At 245
minutes, Diver X terminated stating that he was dizzy, nauseated, had
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a severe headache, and was afraid he was about to lose conscilousness.
The rewarm was started at once,

DIVE 6

Conditions: Divers C and D in SDV wet suits, 40°F
water temperature, moderate exercise

Diver C's rectal temperature system failed just prior to emtry into
the water. Diver D started on time and Diver C was delayed 45 minute-
to allow the change to the backup phvsiological monitoring package
which involved removing the wet suit. At 230 minutes, Diver D volun-
tairly terminated, complaining of a feeling of pressure behind the ear.
Rewarm was started. At 27] minutes, Diver C complained of leg cramps
but no other symptom. Diver C completed the dive at 405 minutes. His

actual time in the water was 360 minutes. Rewarm was satisfactorily
completed.

DIVE 7

Conditions: Divers B and E in regular 1/4-inch wet suits
with 3/16-inch vegtg, B0'F water temperature,
rest

Entry of water into the phyvsiological monitoring package caused
the loss of rectal temperature data on Diver B. Periodic oral tempera-
tures were obtained for safety monitoring purposes. No rewarm was
required.

DIVE 8

Conditions: Divers ¢ and D. Diver C wore 3/16-inch vest
with 1/4-1inch jacket with hovd (no pants);
Diver D wore 1/4-inch Farmer John pants with
3/16-inch vest with hood (no sleeves). 80°F
water temperature, light exercise

During the first two exercise periods, the gas consumption rates
did not show the expected regular increase during exercise, The reason
for this became evident at 113 minutes when one diver sarfaced to say
that the ergometer was not working. The ergometer vas removed from the
tank; it was difficult to move the sled on the runners. When the bear-
ings were flushed and lubricant spray awvplied, the almost friction-free
operation was restored. Corrosion from the aluminum sled had probably
fouled the bearings. The ergometer was returned tov the tank with no

21

e S e it e s




further problems and the gas consumption rates resumed their normal vari-
ation. During the latter portion of the dive, the rectal temperature of
Diver € was observed to fall slowly and he was brought to the surface

for an oral temperature check. He did not admit to being cold or to any
other symptoms. At the end of the dive, he was rewarmed and when he
undressed, he commented that the rectal probe was not inserted as far

as the tape wrap, This is believed to account for the unusually low
rectal temperature readings.

D1VE 9

Conditions: Divers A and F in SDV pants and 1/4-inch wet
suit jacket with hood, 80 I water temperature,
moderate exercise

During the first 14 minutes, both divers worked on adjusting the
ergometer. Diver A started the {irst exercise period at 15 minutes and
Diver F at 35 minutes, both exercvising for 20 minutes. During the
second hour, an additional diver took underwater photographs of the
equipment and divers. At 138 minutes, the gas supply manifold pressure
was observed to have fallen to under 40 psi. This was corrected imme-
diatelv but produced erroneously high gas consunntion rates for approxi-
mately 5 minutes, At 170 minutes, Diver ¥ was observed to have a heart
rate of 132 bpm while exercising. This increased to 168 bpm during the
last minute of exercise, and he was brought to the surface for examina-
ticn. Diver F complained of feeling badly, but had no specific ailments.
Blood pressure was 142/8C mm Hg and oral temperature was 97.2°F.

Diver F's dive was terminated by the medical officer. Diver A completed
the dive uneventfully.

RESULTS
GAS CONSUMPTION

General

The plots of the diver gas consumption rates versus time are
presented in Appendix A. Surface intervals can be seen where the gas
consumption falls to zero. It will be noted that the total dive time
did not quite extend to 360 minutes (6 hours) in most of the plots.
This time error was caused by a small difference between the tape speed
during recording and playback, and does not materially affect the
accuracy of the reduced data. Striking features of these plots are the
variability from minute to minute in the gas consumption rates, and the
reproducible increases caused by the periodic exercise.
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In the following discussion the gas consumption rates observed are
compared with the rates found in the U.S. Navy Diving Gas Manual for rhe
appropriate workload. Refer to Figure 7 (note that water temperature
1s not a factor im this f{igure). These predicted rates are:

Rest - 0.28 scfm
0.5~knot swim - 0.64 scfm
1.0-knot swim - 1.4 scfm .

It should be recognized that the results obtained are predicated on a
rather small data base, due to the limitation imposed by six divers

anc¢ nine dives. This effect 1s exaggerated in the 40°F results where
only two of the six divers continued past the fourth hour. 1In this
case, data from six divers were obtained through the fourth hour, and
from two for the fifth and sixth for rest, VYor the light exercise,
values were obtained for two divers for three hours, and from one for
the fourth, The moderate exercise 1s similar but with one diver finish-
ing the test.

Analvysis

Hourly averages were obtained for rest and exercise for each of
six divers as described in subsecticn Data Reducticen and Analysis.
These averages are tabulated, for water temperatures of 400, 600, and
80°F in Tables 4, 5, and 6, respectively, and are plotted as a function
of time in Figures 8, 9, and 10.

An analysis of variance was conducted on the test data presented
in the tables. The controlled variables for this analvsis were water
temperature, exercise, and time (duration), Six divers were used in
the tests as :escribed in Experiment Design and Table 2, Since all
divers were ot used in all combinations of water temperature and

The analysis revealed, first of all, that gas consumption between
exercise periods was statistically significant. The analysis also
showed that as consumption due to changing water temperature was sta-
tistically saignificant; that there was a signitficant interaction between
exercise anc¢ water temperature; and that the difference in gas consump-
tion due to time was significant., (All significant computations were
at the 95 percent level of confidence.)

The difference between exercise levels was, of course, expected.
The difference between gas consumption at different water temperatures

was caused primarily by the lower consumprion rate in 60°F water for all

(Text Continued on Page 31)
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three exercise levels. The cause of the difference due to time was the
interaction between exercise and water temperature. This interaction
was caused by (for all three exercise levels) the posfitive rate of
change in 40°F water and the negative rate of change in 6C°F water. The
rate of change in consumption rate with respect to time in 80°F water
was positive £t light and moderate exercise, and nepative at rest
(Figures 8, 9, and 10). Due to this negative and positive slope in
gas consumption as a function of time, a linear, least squares regres-
sion curve was obtained for combinations of water temperature and
exercise level data. The form of this equation is

Ve Bo + Bl t (hre)

where t = time.

These regression curves are plotted against the data in Figures 8, 9,
and 10. The slope (M) is annotated on each plot alonp side the appro-
priate regression curve. This slope was tested apainst a slope of "QO"
to ald in determining if the inclination or declination was basically

a functlon of time or if the slope could be attributed to experimental
error. These findings are presented in Table 7. (Statistical signifi-
cance means that the difference is real as opposed to chance,)

The test results were also compared, statistically, with gas con-
gumption rates obtained from the U.S. Navy Diving Gas Manual (Figure 2).
This analysis showed:

1. The at-rest test consumption rate in 60°F and 80°F water com-

pared favorably with at-rest consumption rate from the diving gas manual.

) o
The at-rest test consumption rate in 40 F water was higher than the rate
in the manual. (The manual consumption rate does not give a break-down
by water temperature nor duration.)

2. The consumption rate for light work in 60°F and BOOF water com-
pares with the rate from the manual for a 0.5-knot swim, but the gas
consumption in the tests in 40° water was higher than the rate shown in
the manual.

3. The moderate workload test consumption rate in 40°, 60° , and
80°F water was significant1y below the rate shown in the manual for a
l-knot swim. Either the stress used to create the moderate workload
did not simulate a l-knot swim or the diving manual rate is high,

a. 40°F Diveg

(1) The rest values inncrease from approximately 140 percent
predicted from the Manual to almost 230 percent predicted. This in-
crease 1s seen on all of the divers at 40°F, A slope (M) of + 0.043 cfm

I i g o, 2PN g




TABLE 7

COMPARISON OF THE SLOPE OF GAS CONSUMPTION
RATE DURING TES1S WITH A SLOPL OF Q"

Test Condition Statistical Significance
Comparison ) Slope Magnitude (95% level of confidence)
40" Vater
Rest + 0,043 cfm/hr. Yes
Light Worklcad + 0,061 cfm/hr. Yes
Moderate Workload + 0,019 cfm/hr. _ Yes
60° Vater
Rest - 0.011 cfm/hr, No
Light Workload - 0.005 cfm/hr. No
Moderate Workload - 0.031 cfm/hr. Yes
80° water
Rest - 0,004 cfm/hr. No
Light Workload + 0.003 cfm/hr. Ne
Moderate Workload - 0,006 cfm/hr. No

per hour is observed, and the divers are using approximately 1.7 times
as much gas durilng the sixth hour as they were during the first,

{2) The light exercise values start somewhat below pre-
dicted, but show a slope of + 0,061 cfm per hour. It appears that this
test was more Jdifficult than the others with no one finishing. Diver B
voluntarily terminated his dive due to extremely cold feet at the end of
3 hours and 45 minutes. Diver E terminated his dive shortly after the
end of the fourth hour suffering from dizziness and nausea.

32

o1 ol b sralabes o bt i



WY AT 2 Sl 4

(3) 1t is obvious from all of the moderate exercise data
that the 12-pound thrust used for this stress was not comparable to the
1.0 knot-swim listed in the Manual. The thrust valnes used were gbtained
from Dr., Glen Egstrom of UCLA who is generally acknowlecdged to be the
most active investigator in the field, The values obtained do fall
withinothe range of those attributed to noderate exercise in the Manual.
The 40 F values obtained increased slightly with duration; the slope
shows an increase of 0,019 cfm per hour.

b. 60°F Dives

The rest and light exercise values were very close to thtose
predicted in the Manual. The moderate exercise values were about 50 per-
cent of those listed in the manual for 1,0-knot swim. Very little change
in these rates with time was observed as is evident from the small values
for the slopes, The 60°F water temperature appears to be the optimum
condition for the wet suits used. All divers finished thuse dives,
and the gas consumption rates were close to the predicted values in the
Diving Gas Manual (Figure 6). It is interesting to note that less gas
was used during moderate erxercise at this temperature thaa for either
of the other water temperatures.

c, 80°F Dives

Diver thermal insulation was reduced on these dives. Each
diver selected the dress he considered most appropriate. Most divers
wore ordinary 1/4-inch wet suit pants. One diver's legs were bare.
Several divers wore 1/8-inch vests with hood so that their arms were
bare. No shivering was observed, only small drops in rectal tempera-
tures were noted, and the divers appeared comfortable.

The rest and light exercise values were quite close to
those predicted by the Manual, The moderate exercise values were
considerably higher than thgse found on the 60°F dives. They were even
slightly higher than the 40°F dives. The cause of this is not known.

During the fourth hour, Diver F was aborted for high heart

rate. He recovered withoutr after effects and no cause for his prcblem
could be determined.

FREDICTION EQUATION

A regression analysis was conducted on test data using the linear
modeling technique of statistics. The fullowing primary variables were
studied in thls analysils (see regression model in subsection Experiment
Design):

Whar R kg > STl i o4
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Fxercise, water temperature, divers' rectal temperature, respiratory
rate, and time (in minutes)

Interaction variables were:

Water temperature/exercise
Water temperature/divers
Rectal temperature/time, and respiratory rate/exercise .

The analysis indicated that exercise, water temperature, and rectal
temperature were the three primary independent variables. The correla-
tion between respiratory rate and gas consumption rate was particularly
geod as was the correlation between respiratory rate and the independent
variable exevcise, However, it would not add a significant amount to the
prediction capability (correlation between exercise and gas consumption
was better than the correlation ba2tween respiratory rate and gas consump-
tion). Time as an independent variable was not significant when the
regression was obtained for all data combined. This was caused by e=s
cousugption increasing with time in 40°F water and decreasing with time
in 60°F water. Rectal temperature was correlative with water temperature
and would not add a significant amount to the prediction capability. No
interaction variables added significantly to the regression precdiction
equation.

o Tl vl

Considering the information gathered during the tests it is walid
to present only a gas consumption prediction equation for 40°F water.
The test results showed (1) that the gas consumption in 60°F water for
rest and light exercise compared favorably with that in the Diving Gas
Manual; (2) there is some doubt whether or not the exercise on the
ergometer simulated a l-knot swim; and (3) a discrepancy in correlation
of gas consumption with exercise and water temperature; i.e., gas con-
sumptlon increased with time in 40°F water but decreased with time in :
60 F ‘.'.’ater. Thnrnf’cvn YrAtar tAammawabiisen as oA vawvtonhla da AaTdad H

X S TY LA b A \.\—lurl\-LaL\.lL‘;, o (=3 ‘VGL 4LQQAWAT 4D uUCTILICLTU
leaving exercise level and time as the two significant variables for
the prediction equation, This equation, with a multiple correlation
coefficient of 0.94 and a standard error of estimate of 0.077 cfm, is

V =0,374 + 0,164 ~ EL + 0.488 - EM + 0.0006 t

where
EL = light exercise (E = 0 when not exercising and 1 when i
exercising)
EM = moderate exercise (E = 0 when not exercising and 1 when
exercising)
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t = time in minutes.

AT e
.

NOTE: Rest in the cquation is implied when El =0 and L, = 0.

- This equation is plotted (V vs t) in Fiwure 11 along with the upper
s 90 percent contfidence limit about the curve. This ecouation is based
B upon the experimental data of the test with the limited data base
vaused by only two of the six divers remaining in the 400F water fox
the full é6-<hour test.

DIVER THERMAL PROTECTION

Since only two of Lhe six divers were able to preceed past U e
fourth hour of the 40°F dives, and considering the substantial incrcie.
in gas consumption rates observed, it must be concluded that the
wet suits provide inadequate thermal protection. This view is sur-
ported by the diver's comments, the reductions in rectal temveratures,
and the condition of the divers after the exposure. During mest ! th.
revarm period, the men acted like “Zombies' in that they sat with head
bowed, only reacted to direct requests, and had nene of the cheerful
bantering attitude sezn during the other dives.

. . - - . A0
vide cluse Lo optlmum protection g)f)r oL ¢t
exposures, and would be c¢xpected to produce overheating in 80°F water.

The suits appear to provi

et o o o o T

REWARMING RESULTS

Historically, rewarming of divers exposed to cold water has in-
volved the use of ambient heated air, hot showers, or immersion in hot
water baths., Of these three methods, hot water immersion has proved
to be the most effective. Under ideal conditions of hot water immer-
sion, however, there is often a dangerous added drop of rectal tempera-
ture during the first half hour of th¢ rewarm procedure. This
temperature drop, which may reach 3.OOF, imposed on an alreadyv marginally
chilled human body, might easily be a critical factor in initiation cf
a fatal condition of ventricular fibrillation. Because ot this dramatic
and dangerous situation, most investigators choose a core temperature
cutoff point in the experiment to allow a safety margin of as much as
1.57F continued drop during the first part of the rewarm period.

b A

For the purpose of this experimental test series, it was considered
unrealistic to use hot tub baths during rewarm because this would not
be typical under operationagl conditions. Accordingly, after discussion
with our consultant, Dr. Paul Webb, the julgment was made to use a
rewarm technique proposed fer the SEALAB IIL exercise, but nevei testad.
Essentially, this involved introduction c¢f hese-supplied hot water to

i - ikeiin ¢ Tt W 3T

(Text Continued on Fage 37)
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FIGURE 11.

PREDICTED CAS CONSUMPTION 1IN 40°F WATER
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the neck area of the body, beneath the wet suit worn during a cold water

mission, without removal of the parment until rewar:: was well established.

This new technique, quite feasible for sutmarine application, was impro-
vised with crude technolcgy and employed with caution. The results were
remarkable in that no diver showed a rewarm temperature drop in excess
of 0.7°F, even after our most extreme exposures. Refinement of this
rewarm technigque will have important operational effects, and further
work in this area deserves critical attention.

PHYSIOLOGICAL RESULTS

During the period of predive examinatlions each of the divers was
found to be in excellent health a:d well conditioned, with average to
above average pulmonary function. In all cases the lean to fat ratio,
established by expert testing at the Naval Avaiation Medical Tnstitute,
Pensacola, was within normal limits with body fat percentages tanging
from 12 to 21 percent. Likewise, the blood chemistries and worp ologies

were all found to be within normal limits in the predive baseline
studies.

lmmediately following rewarm recovery from dives 4, 5, and 6 (AOOF),
blood samples were drawn once more for comparison with baseline values.
Aside from a consistent elasvation of the stress enzymes, which was
expected, no abnormal changes in blood chemistries weve found. Judgiug
from the relatively large percentage of aborts within the first four
hours of cold exposure, and from the general physical appearance of the
divers at termination of each individual 40°F dive, there was undoubtly
a considerable degree of physical impairment in all divers in these
tests. Full recovery without residual effects within 24 lLours was evi-
dent in all cases,

CONCLUSIONS

1. The rest and light exercise gas consumption ratas in 40°F
water were substantially greater than those predicted from the U.S.
Navy Diving Gas Manuai and were found to increase with dive duration,
The rates for the 60°F and 80°F dives were quite cleose to predicted.
It appears that the cemonstrated loss of thermal equilibrium in the
40°F water increased the consumption of breathing gas but no informa-
tion was obtained which would justify the prediction of rates at tem-
peratures between 40°F and 60°F.

2. The gas consumption rates for moderate exercise were less than
predicted for a 1l.0-knot swim for all water temperatures. It can be
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concluded then that (a) the 12-pound thrust value used in this experi-

ment was less than that required to simulate a 1,0-knot swim, or (b)

the value given in the manual is too high. When the variations in the

drag due to diffcrences in diver size, shape, and equipment are con-

sidered, it becomes apparent that different thrust values would be :
necessary for each situation,

3, Since only two cut of the six divers finished the 40°F dives,
the confidence level of the results was less than for the crher water
temperatures.  The confidence level could be improved by conducting
more 409F dives to establish a larger data base or, preferably, by
improvim: diver thermal preotection so that a majority of the divers com-
plete the testis.

4. The technique of rewarming the divers by flooding the suit with

hot water was found to be excellent.

5, Medically, no irreversible physiological damage was sustained
by the divers during the experiment, although con31derablc physical
deterioration was evident at the conclusion of the 40°F dives Blood

chemistries were essentiallv unchanged and electrbcardzugrumb were nor-
mal throughout. Diver rewarm was considered a vital factor for the
return of the divers to full physical capacity.

RECOMMENDAT [ONS ’

1. Repeat the 40°r dives using imrroved diver thermal protection.
A constant volume dry suit is sugpested. The suit should be equipped
with a urine collection device so that diver urination Jdoes not degrade
the thermal insulatiorn. of the drv suit. Uhen adequate thermal protec- :
tion is obtained at 40°F in the test tank, the depth variable should i
then be incorrorated into the experiment and information cobtained }
the depths pertinent to SDV missious. H

2. & program to vaiidate the diver rewarm technique for Fleet ’
operational use should be undertaken. The simplicity of the proce- !
dures and equipment make 1t attiactive even for application to mondiver g
situations such as cold expousure of personnel.

3. Siuce the wet suit used in the tests will continue to be used
for Lompﬂra:vre=obelow GOZF vas consuvmption rates at water tempera-
tures berween %0°F and 60 F should be obtained so that the accuracy of
gas consumption predictions can be improved.




4, An operational validation of the results obtained during these
tests should be accomplished, The actual gas consumed by divers on an
SDV mission should be measured and compared to that predicted from the
results presented in this report.

5. The gas consumption of divers equipped for an SDV mission
should be measured while actually swimming at 1.0 knot. The data ob-

tained would improve estimates of gas consumption and range on actual
missiuns.
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APPENDIX A

GAS CONSUMPTION CURVES

This appendix contains the gas consumption curves versus time for
all the dives. The curves are presented for each dive and diver, and
inciude water temperature and exercise. On most of the curves the work
periods and rest periods are easily recognized. Figure AlQ is particu-
larly interesting. Up to approximately 80 minutes, the consumption
curve 1s typical for rest and work. Berween 80 and 160 minutes the
curve shows some deviation from the typical, while from 160 minutes to
termination of the dive it is obvious that the diver is having problems.
The diver was dizzy and pauseated and had a severe headache when the
dive was terminated.

In most cases where the curve falls to zero consumption, it can be
attributed to the diver surfacing for any of several reasons. In a few
cases, zero consumption was indicated due to tape recorder problems.
Causes for other curve asnomalies have been indicated on the figures.




A510¥AXd JLVESUOR *HALYM 4,09
‘4 ¥3AALQ *T 3AIQ “IWIL SASHAA NOILIAASNOD

APETIEH RPRTES )

SVD IV 3¥nol4

- s I . l ~
i 0t e 0y Gl gy oet s v
-
T N 25335550208
R RE :
5084 Sub 53 o T as T
+ 1 7
T T +
b <
-~ pa
:
* Y
T
T ¥
Iy
s - + bl
v £ aee
H I sume 108 24 ) SRS |
+ >y
-~ x s o8 Imu
= - 55 b
& Ao Hepaes . I oo: 1
3 ss o i
17 e pi sz sszs
T . r: 7 T
4+ & L T
1 t I Ty
s > . ¥
be b o4 1 T
1t + a4 T >
T
ea. t 3 1
' + T tones
1 11T
noe: oot o1 T
o> £ ¥ son
et T a ¥ e
isodi i ¥ 1
m 1.7 t . |
ees t b ¥ =
TR . t 4
1Y T : .
v 3 agds 2
s R
1 115 t 525 sus
2
rassnay T ” o2 sows
+ I 1 ;4
+ f bae T
he %3 re
T T
L + 13T ¥ 8e -
4 T <
R 1 v:
‘s "
334 53608 an T T T
-t il
T 0g bonas £ 13 1
: i -
¥
bd & 3 -
ses t o 1 t
sl by T -
. :
T * ” ve
T TRAT e ¥ d
4 L pad I Dl i
T 1
- we
oot cosles bDu.
14L 3
1 4 - b % T
¢ e
14 1
” Y . h
3eaalinass rgses bag I * 1T
028 foogesond eass (ad) 5 ey '
11t - ve oo ia
y +
T ige 1355 T 7 >
e sotb¥e I3 LE3 + . -+ ¥ T
1 o [ 208ge oan o N 3 1 T
45 38203 £33 4E3L: HASTR
i Ve o
T T T Y- 7 o s Sl
(520} riyuy pom p e unas & hod
o Rop aaseds o ST
?
2 Eo s JorE  azog 2 t s 3
: T T T po 23 801 2K 13 om o e
S T S I g S T
SIE5s salas S AL o 4 > -y +
130 oL B3 R
holl § o T e ’rYy 2 1t
r39es THITTes tertrrest
o) 1 1 3 1T
g bps e be Yanss 18 Poed o + tr
gt pos ropey o pos 11T 14
SRS PhTas Tecs s . bad s T TR
DY PRlpS Probt reass o4 s e T
[EoesoTott [Inps pous) sppey o Say
s {2 danns coraenses
’y o be T
4 e ol T 1 3 +
S ti3t T I
1k 3 z
” P %
TRIT s3aki 1555 2ok g1 T
4 1 »
TS {sest rursy (e owe X
2 eafovars
33 podd s48a] e 1 17
e 2ELia - T T
sheliess 28] 150! < -
o e * . *
ps 34088 BEIS: Eo25d 5. 1
% are? oot $
35 s nEas eobab 1 X T
o conss to + t
T T 1 T 1
+ W ‘« Hh 3 < W b
31 e 4 +

870

@¢

]

sEe

{1} ") uoridunsuoy




e SR T S s

PR PR 2

SRR to . e L T

451793%3 FLVHAAON ‘d31VM 4,09
‘3 w3aALE ‘T 3ald ‘IWIL SOS¥AA NOTLJWISNOD SV9 TV dullold

$91UTj /oul L

Uut 0t 08¢ 0%< 00¢ 091 0Tl Ut 0% o

L1 E3E!

TeSefibictent

]

A-

or3dunsuo) st
3

u

(u}32)

1

bE 43

i,

el

%. prevereremperee SR ST -




K AL e i

ASTOWAXT LHOIT “¥dLva 4,09
'V ¥3ALQ ‘7 FAlq ‘ANIL SNSd¥dA NOILAWISNOD SV gy Anod

. R
- - P ., i % .
oo . ut Ut TR ol h ’
rumo o - TTT =TT IET s booes bhreod oe
TR I AT TR TR TT T s o0t Pas saci0dese sures 258 J
[gow o0 +Bh b S8y T Tt pochi s252: 4 ot sessis ,
9900 20904 spepe deasa sloa: by T b sads: 1 hag s353s hpaaisee: js3e
ot roam 2255 ooy o 62 22000 12 bar F o
3 7 5 + e
Spea bet (uoas 1333 53! BB SIS IRY e 4 jsod
12 R o) boves sieds pRbg ¢ 1320y 1ege g ? ]
=29 24 + suay - . + el 44d
22 Saans 2500y anns sas] 3 spod JESSTE10s foad] LRSS
E T fealf S B I St s32e] * SRR R
- 1T seaay - [e S2TES ooy + ' r-
- mHL. N 2e fopdots 4 Iw
3 gl 2592 L 124 poohe & gas sadas od e S
. Saaig teled ? -
- -4l Ty
: :

1)

bl

WNsuo, )

1d

Ul

')

(Ui

A~




IR et wikp 4 - i

Uyt

uece

4S104443 IHOLT “HALVM 4,09

‘3 ¥IALQ ‘7 IALQ “IWIL SOSHIHA NOLLAWASNOD S¥D

0g¢

$893NUN/OWL]
G7e uue vyl et

L

P

T

PEYI L 34

T

L e 3

) sep

uqQ;

(wjo) uoyaduns




M

Lsdy ‘ddLlvM d.0Y
‘9 ¥2AIQ ‘C FALA “IWIL SOSHIA NOILJWISNOD Syo TV IHADId

- R H 1.0 3 H
sl Y D

8°d

=
n
2
¢'T o
2
3 <
~ i
U. <
T
9 b
=)
St




[ DL i g S £ e e o e s -

1538 *¥ILVA 4,09
‘0 ¥3IALA ‘€ FAIA “TWIL SASHIA NOILBADSNOD SYD "4V H¥[vld
se3null/oul ]

08¢ 00¢ 097 ¢t ug ov

o ke i it Al e e e

9]

J2) uoridunsuo) sk

(w

.




1S3y “y¥ILvM 4,09
TV O¥EAIQ ‘% JALQ CEWIL SNSYEA NOILAWISNOD SVO /v d¥n91d

ER R KRV RN LY

91074 Ugl ucl Ut o U

pos I I [a0s gaope (o
S3¢8 savas pheas rxds| 1
[ #4954 josaa shest E) £ s pege e S28 )

PEOnE BISE2 Poeot i w90 o nge sqand awwas
PRRRY B pasay e 3 2oy
PIRISTIELs sEsed st B A) sicsd ionsy ke
as -+ It Thons sales

TE
=5 pizpl D38t lggei sg2as LAt AR LY
P oty T s3suey yay

2 L -ﬁt - .
r [fdoq 5.4 ol

Y

v

i

b

1 Suo)) sy

) uoiidun

(ur}o

o ot




RIRTE

[T UL AR

- - . - . & : WY T
< - . b -~ < -

M s i d & e "’ " i
T £ I AN kT W~ oo 1 o, et b s . . e e e

1S34 “¥3IVM 4,09
SHWIL SASE3A NOILILISNOD SVD
SOINUTN/aUT]

Uyt 06¢Z 06T

'8V ddlNold

R3St BESE o - ‘.. ; w_.‘. . mu‘m = ..” g i F i : ” R0

(o]
—

pes ol

L)

lunsuoy s

1ol

)

(wy

A=Y




4S1093Xd IHOIT “¥93IvM d,0%
‘d ¥IAIQ ‘S AAIA ‘AWIL SOSHAA NOILAWASHOD SV  ‘6V 441914
SAIDUTR /UL

cul 0ce 08¢ Gve uoe

bkl - LRl i

EEEN T
. Ty M e
] TS EN B O
..1...@...v
3 ' uoT3IBIqIIE) |,
m, - U.nwm.H'umom

R ! . i

—t—faids PTOD Aaep LREL
j
!

)
c
-
I
)
= T
o0 . :
"-‘ -
= s
|
|
|
.

s il i +

Y THCSE SN
(wjo) uoridunsuo) se)

A-10




ad i T R T T T TR T T T T T Ty A

TR AL 0 Tl kot e s L e e

m
m

. AS10Y4Xd LHIIT “¥3Lvi 4,09
1 ¥Aald ‘S AAIQ ‘ARIL $SOSY¥IA ROILAAISNOD 5YO "0V Jdnuld

s
: SOINUT,/owl]
681 une 0uz ugl 0¢1 0y oy G

Tt
2o
v113

hgra i e

3 g f e polEasuey

pLv AzZZ (]

: S EIR R LECEY

B

A-1]

uw pdunsuo)

R O L Lt A PP RRERV P

(w)»)

L2 1 g

ARt LR LR AR A
il

A
.
.




ot — oL T s b
= s, TS R i b ———

. dS10¥dXIT FLVAILCH “¥ALVM 4,09
O ddA1d ‘9 FAIA ‘AWTL SNSYEA NOILAWISNOD SV9 “TTV 940014

SoINULfowl ]
0% 007 eyl 0i1 Ut 5
o R SRR R o] IR I BT ST

h FL

—

o s S (L R I
B B e s e e £
z

(¥}
—

i
o
T S

4

A-12

-0 1B IUBWNIISU]
adueyy

1 A R

(wgs) uorpirdunsuo) suy

. 1
S el

ot
b . . ;
T . 4 C.I
P - -
- 4=
“ =t
1 1
—
T —
: ! :

!
1
|
T
4

~1

.:.:. _L B

1

i

4

!
1T
4

t

!

[ B A M

|
-
i
M
ST
m
i
-t
-
b

T

SV N T S
4
1

!
.jftT:
.I;%;

A
e

1




wd.
:
[
i

|

R Saleash Ea it

PR 1 VR

e e A ik LR

ASTOYAXT FLVESUOM “HILVA 4,07
‘G HIALIY ‘9 FAIC CIWIL SNSUEA NOILALISHOD SVI "oV Ui
sajnull/swil

07e 00z 09T 0zl 0%

i

i

P pRb
a3y
ot
S

I%es

101

4
kg SOURY

13t S2T]

T

o
.
o3

}533 ekt

Ti"‘;‘

8°C

T

(

"3

oy Toildtin oy ol

.))




- . . MU . A
1834 “¥3aLVM 4,08
‘g ¥9AICQ “Z 3AAIQ ‘IWIL SNSYAA NOILAMASNOD S¥D "LV JHNOld
WUU_JC%T.—\NE«P
o%e 00¢ 091 oct og ov G
m_«.ﬂ “ T TETE m Fim Q
pos o . “q ; B
e _1 ot : .wwmm, m.
324 H
WJT» T FH 175 i 1T q.o
P P
WQWF:umh@Q. * : . s . T T ,
1240 G e [T 3 T

113435 Mool

¥

)

o

vl

s
AE883 LBEA]

) se

suo

4

wn
-1

.y
203 Rl

Y

znodoag
ele(

(wjo) uoiid




[ R

‘9 ¥4ALd ‘7 3ALC AWIL SASYIA NOLLdWisNOD SYD TRV dda0ld
$93NUTR/SUTL

M lead ‘ddivm 4.08
” 0% 00< G2l ocl 0 or 0

oce 08¢

w =
¥ i
i M
: -7
w_
M g
3 w
o
i o)
! W,
i ¢
& el
=] —
e )
rt <
[
°
A
n
o
.. m
. S
: 8 ¢
i
2
3
4
. . . .
- -




3$10¥3%X4 LHDI1 “¥3ILYM 4,08
“3 y3Ald ‘g dAld ‘3IWIL $NS¥3A NOLLAWISNOD SVO

Sa3NUIp/owty

041

‘G TV 3E0lld

baas

SgaiEa:

swaiquad
i230wo0dag

)

v

B

N

1 ydunsuo;
A-16

o1

(wyo)




" 2 S - 2 -, . 4
- . - > _ Tete . o . . a -
: . : . : . . . - - L e " - L
r ‘ . * - e v 5. . trrew
Castd g o ’ " P ..
ammen ———— - . R v 1M AT U AR TS BT i Ll

qg10¥axd LHOLT ‘ddlvM 4,08
‘@ §3A10 ‘8 3AlQ CAWIL g1S¥IA NOILAWISNOD SV “g1V 44n914d

S21NUTW/2WT]

001 091

..-nv.hu

T

1rudoy
1313wos iy

)

s

o)

S

17

A-

}o) uoprdun

(w

PR i P




R = S

‘v ¥4AId ‘6 JAIU ‘THIL SASY3IA NOILJWASNOD SVO

4SI0WAXT ALvYddoN ‘¥ILVA 4,08

)

<

$93NUTjg/oWl]

00¢ 091

01

TLTV J¥NOld

T Tt ol g e

i

] —‘41%1‘4

«
i

=11
'.kh‘-'l“ .. N B ::l.
I
i -

. o

|
_
.

3

1
1
t
3
i
RS
L
t
1
i
i
1
)
=

8

B
BENN
R !
. ; N
1
1
-1
+
|

1
1
|
I
I
1
I
t
i

EEEEEREREREN
ST T T T
ﬂ-..ﬂ.-n.ml._-.x.|._,iu ..T.-Jllvi‘_ﬁvlT1J '

O St B S

AADSSA LI
PlOjTuvi

w\. b s — ¥
HERNE .
: ] . H
R 1P 1 B P ] : . v ]
et b U SR
_ ! _ T ....;w*.q
334\1 Jrq L _..”Jxrxmlﬂ_lqlq
v 11 T S s BRIl S E s [
" — . 1 : S N S
IR IR RN
= A

et gt
.

N

QPSP EVRISS PIRORD N,

¢l

i

(uj2) uopizdunsuo) sed

A-1R




SuR—— e e P - e e ety e aen - rors:
AS10¥3Xd 3LVYAA0H “dALYM 4,08
‘4 ¥3AIQ ‘6 FAIQ “IWIL SNSYIA NOILAHNSNOD SV2  “gTIV Janoid
S33NUTH/PWI]
o
»
[
alnssaay w
 ay [4)]
pIOjluEy 07 m o
] v
(el <«
=
=
o
2
Asuly avat) ]
- - -
-
W
“ . s




